Abbreviations: BOOP ϭ bronchiolitis obliterans organizing pneumonia; CABG ϭ coronary artery bypass grafting Dlco ϭ diffusing capacity of the lung for carbon monoxide; TLC ϭ total lung capacity P ulmonary complications, including pneumonitis and ARDS, are well-documented risks of long-term amiodarone use, especially in the perioperative setting. [1] [2] [3] Although there have been reports of pulmonary toxicity with low-dose amiodarone use (defined here as Յ 200 mg/d), it is generally believed that low-dose therapy is safe. 4 In addition, amiodarone has been associated with ARDS following coronary artery bypass grafting (CABG). 5, 6 One study has concluded that low-dose amiodarone is safe for cardiac surgery. 7 We report a series of eight patients with pulmonary toxicity associated with low-dose amiodarone to emphasize that even low-dose therapy may have serious adverse pulmonary effects.
Materials and Methods
The clinical records of eight patients are presented. After receiving institution review board approval, a series of five case reports were compiled from the cardiology and pulmonology practices at Mayo Clinic in Jacksonville, FL, a referral-based, multispecialty group practice. In addition, we performed a retrospective electronic chart search of our outpatient clinic population using the key words amiodarone pulmonary toxicity and amiodarone-induced pulmonary toxicity from 1994 to 2001. Approximately 5,890,000 patient records from 520,000 patients were searched with this method. Sixty clinical notes involving 28 patients were identified as potential matches and were reviewed. Thirteen of these 28 patients identified were receiving amiodarone at the time of the evaluation. Nine of these 13 were receiving at least 400 mg/d. The authors reviewed the clinical charts of the four patients receiving low-dose amiodarone at length to evaluate for the diagnosis of amiodarone-induced pulmonary toxicity, recognizing that this is usually a diagnosis of exclusion. Radiographs, biopsies, bronchoscopies, laboratory work, echocardiograms, and documented symptoms/examination findings were considered in making the presumed diagnosis. An example of this review is presented in the "Results" section. 
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Results
Of the patients identified with the electronic chart search, three of the four patients receiving low-dose amiodarone were confirmed to have pulmonary toxicity. The fourth patient did not have clear amiodaroneassociated pulmonary toxicity.
All of the eight patients identified during the study were receiving 200 mg of amiodarone per day. No cases were identified at a dosage Ͻ 200 mg/d. There were no other medications known to be associated with pulmonary toxicity. The average age of the patients was 77 years (range, 65 to 89 years; Table 1 ). Seven of the eight patients were male. The patients had been receiving the medication an average of 2 years prior to having pulmonary complaints (range, 3 months to 5 years). Seven of the patients presented with dyspnea on exertion, and three patients presented with cough. One of the cases (patient 2) occurred after open-heart surgery. Four of the eight patients had a WBC differential measured at the onset of symptoms (patients 1, 2, 6, and 7). Only patient 7 had an increased percentage of eosinophils (8.2%, 1.09 absolute). The erythrocyte sedimentation rate was assessed in two patients and was normal. All patients underwent chest radiography, and six of eight patients underwent chest CT. Chest radiograph and CT findings were variable but usually demonstrated bilateral disease. No high-attenuation infiltrates were seen by the radiologist or on review by the authors. No radiographic findings suggested congestive heart failure. Three of eight patients underwent fiberoptic bronchoscopy with negative results. Two of the bronchoscopies included a BAL, and one included a protectedspecimen brush. Four of eight patients underwent pulmonary function tests (Table 1 None of the patients were in congestive heart failure based on clinical examination (including the absence of jugular venous distension or S 3 gallop). Seven of the eight patients underwent transthoracic echocardiography. The ejection fraction was normal (Ն 60%) in four patients (patients 1 through 4), and reduced in three patients (patients 5, 7, and 8). Chest radiographs in the patients with a reduced ejection fraction did not demonstrate findings consistent with congestive heart failure (new unexplained effusions or increase in the vascular pedicle width compared with baseline).
Open-lung biopsies were performed in two patients. In patient 1, the biopsy showed a chronic interstitial pneumonia. Specifically, there was diffuse alveolar septal thickening due to a chronic inflammatory cell infiltrate and mild fibrosis. Patchy bronchiolitis obliterans organizing pneumonia (BOOP) was present but appeared to be only a minor component of the parenchymal changes (Fig 1) . The biopsy in patient 2 revealed organizing diffuse alveolar damage with alveolar septal thickening due to fibroblast proliferation, type II alveolar cell hyperplasia, and remnants of hyaline membranes (Fig 2) . Intra-alveolar collections of foamy macrophages were noted in both cases. There were no transbronchial lung biopsies, and the microbiologic results from the bronchoscopies were negative.
Treatment involved cessation of the amiodarone. Patients 1, 2, and 3 also received corticosteroids. Five of the eight patients improved symptomatically, and four of the patients improved radiographically with this conservative approach. Two of the three patients who received corticosteroids improved, although patient 3 worsened when the steroids were tapered. Patient 1 died from progressive respiratory failure. No autopsy was performed. Patient 6 was unavailable for follow-up.
The diagnosis of amiodarone-induced pulmonary toxicity was made clinically in six of eight patients. Patient 8 is presented in more detail to illustrate the typical evaluation that resulted in a clinical diagnosis. He is a 67-year-old white man with a known history of ischemic cardiomyopathy. He underwent a five-vessel CABG procedure 3 years prior to starting on amiodarone. In addition, he was a previous smoker with known moderate obstructive lung disease. Prior to amiodarone, the patient was doing extremely well without dyspnea on exertion, paroxysmal nocturnal dyspnea, or orthopnea. Indeed, he walked two to three miles daily without any symptoms.
Following a routine cardiolite stress test that revealed a fixed apical and inferior-lateral defect, the patient experienced atrial fibrillation/flutter with a rapid ventricular response. Subsequently, he was started on amiodarone, 200 mg/d, after a 3-day loading dose of 400 mg tid. Approximately 3 months later, the patient acquired some very mild dyspnea for which he did not seek medical attention. He subsequently fell while on a boat, suffering only a minor left chest wall bruise. The patient did not have any chest pain (except for mild point tenderness at the site of the bruise), orthopnea, paroxysmal nocturnal dyspnea, or edema. No environmental exposures could be elicited. The patient denied fevers, chills, night sweats, sick contacts, changes in weight, cough, sputum production, hemoptysis, history of tuberculosis, recent travel to areas endemic for histoplasmosis or coccidiomycosis, history of malignancy, illicit drug use, or known inhalation injury. He had not made any other recent changes to his medications, which included furosemide (stable dose), lanoxin, aspirin, pravastatin, and a multivitamin.
A chest radiograph was obtained that revealed new bilateral alveolar/interstitial infiltrates compared with his baseline radiographs; however, there was no change in the cardiac size or vascular pedicle width and there were no new effusions. The patient underwent chest CT, which confirmed multiple bilateral infiltrates. The radiographic changes were not felt to be cardiac in origin. His repeat transthoracic echocardiogram showed a stable pattern of mitral insufficiency, aortic sclerosis, and ejection fraction of approximately 35%. An open-lung biopsy was recommended, but was refused by the patient.
The only change made was to discontinue the amiodarone. Two months later, the mild dyspnea had resolved. Chest radiograph and chest CT demonstrated a significant decrease in the bilateral infiltrates. Four months after stopping the amiodarone, the chest radiograph showed a www.chestjournal.org CHEST / 123 / 2 / FEBRUARY, 2003 complete resolution of the changes. The patient has been followed up regularly for 3 years, both clinically and radiographically, with no return of symptoms or radiographic changes. A presumptive diagnosis of amiodaroneinduced pulmonary disease was made clinically. The authors reviewed the medical record as well as the laboratory and radiographic results to confirm the accuracy of the diagnosis.
Discussion
Atrial fibrillation is an extremely common dysrhythmia, particularly in elderly patients and those with organic heart disease. 8 Management of atrial fibrillation still represents one of the therapeutic challenges of modern cardiology. Atrial fibrillation increases the risk of embolic complications, especially cerebrovascular accidents. 9 The decision whether to administer patients with atrial fibrillation antifibrillatory drug therapy is complex. The safety of long-term antiarrhythmic therapy must be balanced against the need to try to eliminate symptoms and prevent thrombotic complications.
Recent reports showed that low-dose amiodarone treatment is effective and is associated with very few side effects at 1 year. The Canadian Trial of Atrial Fibrillation randomized patients to amiodarone and to either propafenone or sotalol. 10 There were fewer recurrences with amiodarone compared to sotalol. This trial suggests that amiodarone was twice as effective as the other two drugs. In addition, amiodarone had a more favorable safety profile. However, there have been no controlled, comparative studies specifically investigating long-term mortality rate with amiodarone or its long-term safety in atrial fibrillation. 10 Amiodarone-induced pulmonary toxicity has been observed in up to 10% of patients receiving this drug. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] An increased risk of pulmonary toxicity has been well described in several clinical settings, including pulmonary angiography and cardiothoracic operations. 1, 2, [5] [6] [7] [23] [24] [25] Reported pulmonary toxicities range from mild subacute illness to rapidly progressive and fatal ARDS. It has been difficult to predict which patients are at greatest risk for the development of amiodarone pulmonary toxicity. 26 Most of the published cases have been in patients receiving amiodarone in excess of 200 mg/d, usually Ն 400 mg/d. The toxic effects of amiodarone seem to be related to dose and duration of therapy. Low-dose therapy has been deemed a safe alternative. 4, 27 Some studies indicate that there is no statistically significant difference in the rate of pulmonary side effects between placebo and low-dose amiodarone. 7, 28 However, this assertion has been called into question. 29 -34 In fact, the Canadian Myocardial Infarction Amiodarone Trial 30 showed that low-dose amiodarone increased pulmonary toxicity compared to placebo (3.89% vs 1.2%). The risk for late adverse effects of low-dose amiodarone remains unknown. 35 The disparity in the literature may contribute to the wide variation in the clinical practice of physicians caring for patients receiving amiodarone. 36 Previous studies predominantly focused on patients taking a daily maintenance dose of Ն 400 mg. Those studies have indicated that amiodarone induces several types of tissue reactions in the lung. [37] [38] [39] [40] The most common histologic finding in toxic patients is a chronic interstitial pneumonia with intra-alveolar accumulation of foamy macrophages. 38, 39 The macrophages have finely vacuolated cytoplasm at the light microscopic level and contain distinctive cytoplasmic lamellar inclusions ultrastructurally. [37] [38] [39] Foamy macrophages can also be found in nontoxic patients and are considered markers of amiodarone exposure rather than toxicity. 39, 41 BOOP is a less common manifestation of amiodarone toxicity and is often associated with a chronic interstitial pneumonia. 39 Diffuse alveolar damage is seen in a minority of patients in whom it is accompanied by foamy macrophages. 37, 39 In our study of low-dose amiodarone toxicity, lung biopsy specimens were obtained in two cases. In patient 1, chronic interstitial pneumonia with associated foamy intra-alveolar macrophages and focal BOOP were seen. In patient 2, the biopsy showed diffuse alveolar damage with scattered collections of foamy intra-alveolar macrophages. Although patient 2 was in the setting of recent coronary artery bypass graft, there was no clinical evidence of heart failure or infection. Taken together, these observations suggest that the histologic spectrum of amiodarone-induced pulmonary toxicity can occur in patients receiving 200 mg/d.
Our study, although retrospective and limited in scope, serves as a reminder of the remaining clinical uncertainties of low-dose amiodarone. We have shown that 200 mg/d can increase the risk for pulmonary toxicity. This toxicity occurred as soon as 3 months after initiation of therapy in one patient, with a range of 3 months to 5 years. Although most patients presented with dyspnea, there was a wide range of clinical toxicities from cough to ARDS. Interestingly, patient 5, who presented only with cough, had no obstruction on pulmonary function, and his cough resolved with discontinuation of the amiodarone. The radiographic abnormalities were generally bilateral. Most of these patients improved with cessation of the amiodarone with or without corticosteroids. Of those patients with alveolar infiltrates and response to corticosteroids, BOOP is a consideration; however, the lack of other clinical signs and symptoms of BOOP such as fever and malaise make this less likely. In addition, BOOP can occur secondary to drug toxicity and would therefore fall into the category of amiodarone pulmonary toxicity.
Overall, low-dose amiodarone appears to be safer than conventional doses. A randomized prospective study may be able to determine the exact risk of low-dose amiodarone; however, there are significant practical limitations to such a study. The goal of this report is to reinforce the need for the clinician to recognize that low-dose amiodarone is associated with some risk for pulmonary toxicity.
